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Summary In this literature review, we examine advantages and disadvantages of current
magnetic attachments and critical points to utilize them effectively, using a Q&A format. We
mainly focus on corrosion, leak of magnetic flux, influence on magnetic resonance imaging,
deterioration of retentive force, distance between attachments, clinical and laboratory proce-
dures, maintenance, clinical evaluation and maxillofacial application of the magnetic attach-
ments. We would like to reconfirm with readers that designing and fabricating dentures properly
are prerequisites for taking advantage of magnetic attachments.
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Adapted from Ai and Hiranuma 2000.Introduction
Magnetic force has been used for dental prosthetic retention
for more than 60 years, and many efforts have been made
toward better utilization [1]. Usage of magnets spread widely
into clinical dentistry after the introduction by Gillings [2,3] in
the 1980s. The application for osseointegrated implants also
spread widely after the introduction by Jackson [4]; however,
these magnets received poor clinical assessments before the
1990s for the following reasons: 1) deterioration and corrosion,
2) leakage of the magnetic field, 3) weak attractive force and
4) large size. After 1990, many improvements and develop-
ments were made in Japan and other countries to overcome
these limitations, and most issues have been resolved.
In this literature review, we examine advantages and
disadvantages of current magnetic attachments, as well as
critical points to utilize the attachments effectively, using a
Q&A format. We would like to reconfirm with readers that
designing and fabricating dentures properly are prerequisites
for taking advantage of magnetic attachments.
Questions about magnetic attachments
Q1. Are magnetic attachments still corrosive?
A1. Although the attachments used to be corrosive, this
problem has been resolved, and they are now corrosion-
resistant.
Magnetic attachments were introduced by Gillings [5] in
the 1980s. Because the magnetic material was in direct
contact with the keeper in the patient oral cavity at that
time, the attachments were exposed to saliva, resulting in
deterioration and corrosion after a short period of time.
Drago [6] reported that among the patients with magnetic
attachments, 68% of the attachments became discolored and
40% corroded. These issues have created an unfavorable
reputation of magnetic attachments, which unfortunately
has lasted more than 30 years in North America.
Laser-welded yoke encasement
In the beginning of the 1990s, a technique was developed as a
solution to protect against corrosion in that the magnetic
structure was sealed in a stainless steel-housing called a yoke
and then welded closed with a laser [7,8] (Fig. 1). Mizutani
[9] reported corrosion-resistant behavior of magnetic attach-
ments with this structure. Likewise, Haoka et al. [10]
reported resistance to corrosion and discoloration of a Pt—
Fe—Nb alloy structure, and Takada and Okuno [11] reported
corrosion resistance of magnetic attachments with a yoke
structure. Thean et al. [12] found that magnetic attachments
with a sealed yoke exhibited successful corrosion resistance
during a 3-year, long-term clinical study.
Takahashi et al. [13] analyzed electrolytic corrosion beha-
vior between dental precious metal and stainless steel in
magnetic attachments, with an outcome favoring SUSXM27and SUS447J1 stainless steel. Nakamura et al. [14] analyzed
electrolytic behavior between ferritic stainless steel and Fe—
Pt magnets, also with a resultant recommendation for the use
of stainless steel (SUS4471J1).
Q.2. Is there any leak of magnetic flux from magnetic
attachments? If so, is there any effect of magnetic flux on the
human body?
A2. There is no magnetic flux in closed-circuit magnetic
attachments; thus, there is no effect on the human body.
Nishida et al. [15] compared leak-fields between sand-
wich-type and open-field-type magnetic attachments and
reported that the latter had a higher leakage-magnetic flux
than considered safe by the World Health Organization (WHO)
guideline. Notably, the sandwich-type magnetic attachment
had a higher leakage-magnetic flux than the cup-type mag-
netic attachment.
Nishida et al. [16] reported that if a magnetic structure is
positioned on a keeper properly, the magnetic flux should be
under 40 mTof the WHO guideline, but also recommended to
pay careful attention to the long-term use of the implant
because a gap may develop between the magnetic structure
and the keeper, resulting in a leak of magnetic flux. Okuno
[17] reported that currently available products of magnetic
attachments made in Japan exhibit closed-magnetic circuits
and do not allow a leak of magnetic flux.
In the normal usage of closed-magnetic circuits, leakage
of magnetic flux in the gingiva is minimal (approximately
1 mTat the most) and does not exhibit harmful effects on the
human body. Miyata et al. [18] reported that even if it is an
open-magnetic circuit, if there is a 7 mm distance from the
magnetic structure, a leakage of magnetic flux is less than
1 mT. This minimal amount of leakage has no effect on heart
pacemakers [18].
Q3. Do magnetic attachments affect magnetic resonance
(MR) imaging?
A3. Yes, magnetic attachments create artifacts in MR
imaging.
New et al. [19] reported the potential hazards and arti-
facts of dental materials in MR imaging. Laurell et al. [20]
determined the effects of the presence of various types and
Figure 2 Microstructure of a micro-laser-welded part.
Adapted from Honkura 2002.
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that image artifacts were present for all samples and oblit-
erated vital craniocervical areas, making their examinations
impossible. Tanaka et al. [21] reported artifacts in MR ima-
ging diagnoses of patients with magnetic attachments.
Iimuro [22] evaluated the effects of ferromagnetic stainless
steel devices on MR imaging artifacts and found that there
was an appearance of an MR imaging artifact at a 12 cm
distance from a keeper positioned on the tooth root and
greater artifacts were produced with increases in magnetic
permeability. Additionally, the size and volume of the attach-
ment material was reported to directly influence the quality
of the artifact. Ishigami et al. [23] reported the effect of
dental magnetic attachments on MR images and concluded
that there was a minimum disturbance in MR imaging diag-
noses of the brain area, including the brain stem, particularly
when the patient had keepers in the oral cavity. In particular,
the magnetic keeper caused an artifact lateral of the orbit, in
the medulla oblongata and spinal cord. However, such a small
artifact did not prevent a clinical diagnosis.
To avoid these types of artifacts in MR imaging, some
reports have recommended the removal of magnetic parts in
the magnetic attachment system. For example, Masumi et al.
[24] reported a special magnetic dental attachment that
allows removal of the magnetic components such that MR
image degradation can be avoided.
Q4. Does the retentive force of magnetic attachments
change with time?
A4. No, the retentive force of magnetic attachments does
not change with time.
Retentive force and air gap
The retentive force of magnetic attachments is caused by
attractive forces between the N pole and S pole or by pulling
forces between the magnetic structure and keeper. The type
utilizing the former force is used in some applications. The
attraction between the poles is an advantageous and com-
monly used method to provide a retentive force, because even
if there is a gap between the magnetic structure in the denture
and the keeper, an attractive force is still present. Conversely,
there is a disadvantage in this type of attraction in that a wider
space is necessary and the attraction between the poles
creates an open-magnetic circuit, which has a leakage of
magnetic flux. In the pulling force between the structure
and the keeper, the latter is set on the root and the magnetic
structure is positioned in the denture, creating a closed-
magnetic circuit. However, if there is a small gap between
the magnetic structure and the coping, the attractive force
decreases dramatically [25] (Fig. 2). Petropoulos et al. [26]
analyzed retentive force and timing of detachment among bar,
ball and magnetic attachments. Their results showed that
magnetic attachments have the weakest retentive force,
the least variety in the retentive force and the longest time
until detachment. As such, an overdenture with a magnetic
attachment positions itself automatically when it comes in
proximity to the proper seat-position, a characteristic that is
very useful, especially for patients with limited dexterity.
The retentive force of magnetic attachments is maximal
when the insert direction is perpendicular to the keeper
surface. The force decreases when the direction inclines,and it almost disappears when the direction is parallel to the
keeper surface. This characteristic tends to reduce lateral
stresses to the abutment of the magnetic attachment. Toku-
hisa et al. [27] investigated the force on an implant under an
overdenture and the movement of the overdenture with a
ball, bar or magnetic attachment. They found that magnetic
attachments caused the minimum bending moment in the
implant and the maximum movement in the overdenture.
Conversely, the bar attachment induced the greatest axial
force and bending moment on implants, along with less
movement. The ball attachment caused the least axial force
and bending moment to the implant and less movement of
the overdenture.
Previously, we reported that magnetic attachments with a
stress breaker reduced lateral force in the implant better
than magnetic attachments without a stress breaker [28].
Maeda et al. [29] reported that the biomechanical rationality
of an implant overdenture was retained by a single implant in
accordance with the characteristics of magnetic attach-
ments. Their results suggested that single-implant retained
overdentures with dome-type magnet or ball attachments
have similar biomechanical effects as a two-implant over-
denture in terms of lateral force to the abutment and
denture base movements under molar functional loads.
Retentive force and size/shape
To increase the retentive force of magnetic attachments, the
materials of magnetic structure must be improved. Samar-
ium—cobalt (Sm—Co) magnets have been used from the 1980s
and have a weak attractive force. To increase the attractive
force, the size of the Sm—Co magnet must be increased. The
neodymium magnet (neodymium—iron—boron-alloy) has a
much more attractive force [30]. Notably, the magnetic
structures of materials have been improved by research with
finite element analysis [31].
The shape of magnetic structures also has an effect on the
retentive force. Dome-type magnetic attachments have less
attractive force than flat-types, but dome-types have less
decrease in non-axial-direction-attractive forces than the
flat-types. In this way, dome-type magnetic attachments
have an advantage for use in the mouth where they can
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self-adjusting (SX)-type magnetic attachments can allow
rotating and sinking movements of the denture base, a loss
of retention in the non-axial direction becomes milder.
Critical points relating to retentive force in
magnetic attachments
Distance between attachments
Multiple attachments are often used in a clinical situation,
but the distance between abutments and parallelism may
have an effect on the retentive force. Michelinakis et al. [32]
compared the retentive force among three distances (19, 23,
29 mm) between two implants and three kinds of attach-
ments (bar, ball, magnet). Their results demonstrated that
ball attachments showed maximum retentive force in the
case of an implant distance of 29 mm, and bar attachments
showed maximum retentive force in the case of a 23 mm
implant distance. Magnetic attachments showed less reten-
tive force than the other attachments, potentially caused by
a non-axial dislodging force in the magnetic attachment on
the abutment. Doukas et al. [33] measured the deterioration
of retentive force among five kinds of attachments of dif-
ferent implant distances (19, 23, 29 mm). They reported that
all the attachments, except for the magnetic attachment,
showed deterioration of retentive force.
Ishikawa [34] reported a design of a removable partial
denture with a magnetic attachment and reported that the
magnetic attachment worked most effectively when both
attachments had the same retentive force, and the maximum
stress arose on the axis of the a third upper portion of the
root, when the lateral force was applied.
Clinical and laboratory procedures
Ohashi et al. [35] reported that heat, metal casting and
polishing in the process of fabricating dentures with magnetic
attachments were factors associated with the deterioration
of the retentive force of magnetic attachments.
There are two methods for attaching a keeper to a root
cap. One is a casting method and another is a direct-bonding
method. In the casting method, the height of the keeper is
low and is easy to obtain a sufficient distance to the opposite
teeth, because the keeper is embedded directly in the wax-
pattern. Conversely, casting shrinkage can cause deforma-
tion of the keeper, and polishing after metal-casting requires
high skill. In the direct-bonding method, because the keeper
lutes to the root directly with luting cement, the attractive
force keeps the original data, and polishing of the keeper is
easy. Tsuchida et al. [36] pointed out that the height of the
root cap in this method may be higher than that in the casting
method, because this method requires space for the cement.
Takada and Okuno [37] reported the effect of heat history
on the corrosion of keepers and demonstrated that heating
stainless steel of SUS 444 and 447J1 at 650—750 8C for two
hours or more led to a deterioration of corrosion resistance.
They further concluded that the heat time should be kept to
less than one hour.
The attractive force of magnetic attachments and the
flatness of keeper surfaces have a strong relationship. Sumi-naga et al. [38] compared the flatness of keeper surfaces
between the casting method and the direct-bonding method
and found that keepers fabricated by the latter method were
flatter than those fabricated by the casting method and
exhibited an optimal retentive force.
There is a method using prefabricated keepers with post
and composite resins in the direct-bonding method, and this
method has many advantages. Maeda et al. [39] reported the
method of replacing a missing abutment tooth of a removable
partial denture with a magnetic attachment, a prefabricated
keeper containing a post and a composite resin. They reported
optimal support, bracing, retention and improved esthetics in
short hours using this method. Kokubo and Fukushima [40] also
reported the application of magnetic attachments with a
prefabricated keeper and composite resin as an esthetic con-
sideration of an overdenture.
Deterioration of retentive force
Some experiments [41,42] have shown deterioration of reten-
tive force in other attachments by repeated insertion and
detachment, but no loss in the retentive force of magnetic
attachments. Conversely, Naert et al. [43] and van Kampen
[44] reported that the retention force of magnetic attach-
ments was weak and deteriorated. The reasons for deteriora-
tion of the attractive force are thought to be related to the
deterioration of the magnetic structure as a result of heat and
corrosion, as well as a change of contact with the keeper.
Huang et al. [45] reported a relationship between the
retentive force and surface abrasion of magnetic attach-
ments, demonstrating that after 90,000 cycles of grinding,
the in vitro abrasion was recognized clearly through a micro-
scope, and there were no significant differences in attractive
force between the before- and after-abrasion samples.
Do prostheses with magnetic attachments need
maintenance?
Yes, prostheses with magnetic attachments need mainte-
nance.
Davis and Packer [46] compared the frequency of main-
tenance among bar, ball and magnetic attachments for an
implant overdenture and found that there was no difference
in maintenance frequency of the overdenture among the
three groups, but the bar attachments needed less main-
tenance than the other two attachments. In the maintenance
of magnetic attachments, replacement of the magnetic
structure and loosening of the screw between the keeper
and the abutments are often needed.
Naert et al. [47] reported from a 5-year follow-up study
that in the case of a mandibular overdenture supported by
two implants with a magnetic and ball attachment, there was
a need of continuous maintenance.
Clinical evaluation/comparison with other
attachments
Maximum occlusal force
Muscle force and occlusal force are often used for the
evaluation of rehabilitation in prosthodontic treatments.
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patients with a magnetic, bar or ball attachment in a man-
dibular overdenture and reported that the maximum occlusal
force was twice in the overdenture consisting any of the
three types of attachments than that without an attachment.
Masticatory function
van Kampen et al. [49] also reported that the mastication
performance of patients with a maxillary complete denture
and a mandibular implant overdenture was high, and the
difference of mastication performance between the mag-
netic, bar and ball attachments was minimal.
Patient satisfaction
Naert et al. [43] reported a 5-year prospective randomized-
controlled trial with a mandibular implant overdenture sup-
ported by two implants that were connected or not con-
nected to each other. Their results showed that the
satisfaction of patients with a magnetic attachment was
lower than those with bar attachments and ball attachments,
although the patients preferred to have magnetic attach-
ments for subsequent treatments. In the same group, they
observed that there were no significant differences in bleed-
ing on probing, marginal bone height, attachment level or
perio-test values between the first and fifth year upon exam-
ination of the peri-implant tissue [47]. These results suggest
that there was no significant effect on the peri-implant tissue
with regard to the connection of overdenture support-
implants.
Burns et al. [50] evaluated seventeen subjects in a pro-
spective clinical study and observed that implant overden-
tures were significantly better than normal complete
dentures, and more specifically, the o-ring attachments used
for the overdentures were significantly higher in retention
and stability.
Cune et al. [51] found that patients of a crossover clinical
trial preferred bar attachments and ball attachments rather
than magnetic attachments. Davis and Packer [52] also
reported that patients with ball attachments had a higher
satisfaction than those wearing magnetic attachments. Ellis
et al. [53] found that most patients preferred ball attach-
ments over other attachment options, because of the stabi-
lity, and a third of the study population preferred magnetic
attachments, because of the associated comfort.
Maxillofacial application
In the past, maxillofacial prosthodontics have been asso-
ciated with many problems, such as movable soft tissue, a
shortage of retention for large prosthetics and acceptance of
the prosthetics by the patients. Nowadays, however, dental
implants have been introduced in this area that can resolve
many of these limitations [54]. The stronger retention of
current implants allows large maxillofacial prosthetics to
cover more movable soft tissue, thus facilitating ease of
patient acceptance. There have been some studies that
reported the application of maxillofacial prosthodontics with
implants and magnetic attachments for nose, eye and ear
defects [55—57]. In such applications of magnetic attach-ments, there are advantages such as ease of cleaning, the
production of minimal movement under lateral stress and
successful application even when there is small clearance of
the opposite teeth [58—60].
Final question
Q. Why are magnetic attachments so popular in Japanese and
Asian countries?
A. Many attempts and improvements, especially in pre-
venting corrosion, increasing attractive force and reducing
size, have been made and introduced in Japan, thus con-
tributing to the popularity of magnetic attachments in Asian
countries. Currently, improved magnetic attachments have
also been introduced in Europe [53] and North America [61].
With time, this introduction may change the unfavorable
reputation of magnetic attachments in North America and
contribute to a worldwide popularity of magnetic attach-
ments.
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